Abstract. Many service identification methods (SIMs) have been proposed to support the determination of services that are appropriate for use in an SOA. However, these SIMs vary in terms of analysis objectives, identification procedures and service hierarchies. Due to the heterogeneity of the SIMs, practitioners often face the difficulty of choosing a SIM that copes with available resources and fits their needs. To gain a holistic view of existing SIMs and to support the selection of the right SIM, in this paper we present the results of a systematic literature review. A total number of 237 studies were examined, of which 30 studies were selected as primary studies. From these studies, we identified different types of inputs, outputs and processes used by the existing SIMs. Based on these results, we created a matrix which can be used in three different ways for practitioners to select among alternative SIMs.
Introduction and Research Questions
Service-oriented architecture (SOA) is an architectural enabler for quick response to business changes and effective reuse of software assets [1] . In an ondemand world, many enterprises have adopted SOA in order to gain competitive power [1] . A key factor that determines whether an enterprise really can benefit from adopting SOA is the design of services, including the scope of functionality a service exposes to meet business needs, and the boundaries between services to achieve maximum reusability and flexibility [2] .
In the design of services, service identification (SI) is a significant task aiming at determining (based on available resources) services that are appropriate for use in an SOA. Many service identification methods (SIMs) have been proposed from both academia and industry. However, these SIMs differ significantly, ranging from source code extraction to business domain analysis, from bottom-up to top-down strategy and from ontology-based process to guideline-driven process. Accordingly, the inputs and outputs of these approaches vary as well. Some approaches start with business process whereas some others start with domain knowledge (e.g. goals and strategies); some approaches focus on business services whereas others focus on software services.
Given many SIMs, a common question that practitioners face is how to select the most appropriate SIM that copes with the available resources and fits their needs [2] . Some enterprises, for instance, not only have well defined business process models in place but also well documented goals, business partners and enterprise capabilities (e.g. IT resources) to support its business process. For them, a SIM that takes all of this information into account will be more suitable than those identifying services only based on e.g. business processes.
Despite the comparisons (e.g. [3, 4] ) presented so far, none systematically searches for all the existing SIMs. As a result, a holistic overview of extant SIMs is missing. Moreover, the criteria used in the existing comparison frameworks cover many aspects, including economic, business, and technical aspects. However, a comparison of the basic elements (such as the inputs, outputs and processes) of the SIMs is currently missing. When selecting SIMs one often starts questioning what is required for using certain SIMs, what can be expected from them and how to carry them out, before addressing other requirements. Without such an overview of the basic elements of SIMs, the selection of SIMs becomes more complicated. Accordingly, the following research questions arise: To answer these research questions, we decided to conduct a systematic literature review, which are particularly powerful in collecting and analyzing existing work. It can maximize the chance to retrieve complete data sets and minimize the chance of bias and summarizing the existing evidence [5] . In the remainder of the paper, Sec. 2 reports on the review results; Sec. 3 presents an input-output matrix that aids the selection of SIMs; and Sec. 4 concludes the paper.
The Results of the Review
To conduct the review, we followed the guidelines suggested in [5] 1 . In the first step, we obtained 237 articles whose titles or abstracts contain the keywords specified in our search query. After applying the selection criteria, 38 articles were identified as primary studies that are relevant for review. By further reviewing their related work (motivated by the fact that an article presenting a SIM most likely discusses other SIMs as related work), we identified 11 more primary studies. Among these two lists of primary studies, 19 articles are duplicates and hence resulting 30 articles as identical primary studies.
RQ1 What Are the Existing SIMs?
Each primary study presents one SIM and we have identified 30 SIMs altogether. An overview of the SIMs is given in Table 7 . As we can see, SIM S1 and SIM S2 (hereafter labeled as S1 and S2) are the pioneering SIMs presented in 2004. The increasing number of SIMs being proposed in the last three years (6 in 2007, 9 in 2008 and 9 in 2009) reveals its increasing importance in the service engineering field.
Most of the SIMs have certain form of validation as shown in Table 7 . The best way to validate a method is to put it into practice. Two primary studies describe the experience in using their methods in real life projects. Another way of validation is to experiment a SIM in case studies, which was adopted by 13 studies. In order to improve their usability, 6 primary studies provide examples in explaining how to use the proposed SIMs. For judging their quality, 4 primary studies evaluate the method in terms of e.g. survey or comparison. Only five primary studies do not discuss any validation of the proposed SIMs.
RQ2.a What Are the Different Types of Inputs?
We examined each primary study and extracted information about the input of the SIMs. We found that many SIMs start from the same type of information. For instance, legacy source code and existing software application or components are both existing software assets but in different forms. In the same vein, a collection of business models, requirements, strategies and organizational structures are all about the domain knowledge of an enterprise but describing specific enterprise elements. By comparing the inputs and classifying the ones that share the same type of information, we identified seven types of inputs. These types of inputs and the SIMs that use them are summarized in Table 1 .
The classification of the inputs shows that the resources used by SIMs often have a different scope. For instance, types data, feature and use case are more specific than application domain or business process in that the former can be 
Description

SIM Total
Business process A collection of related tasks or activities to fulfill a specific business requirement S3,S10,S12,S15, S16,S17,S23, S24,S25,S26,
10
Application domain A collection of models or documents that describe the various aspects of an application domain, including enterprise goals or mission, business rules, business processes, business entities, organization structures, etc. S1,S7,S8,S9, S14,S22 The information that is processed, exchanged, or produced by business processes
S6,S29 2
Feature A set of distinctive attributes or characteristics of software systems S18,S19 2 Use case A sequence of business functions that human actors benefit from S11,S28 2 derived from the latter. The number of SIMs using each type of input shows that fewer methods start with more specific or technical information. Most of the SIMs start from business processes and enterprise level information, taking both the business and its context into consideration. This is in line with the fact that service-oriented design intends to realize software re-use through large grained services especially meant to create business value.
Legacy system is another type of input and is used by four SIMs, as shown in Table 1 . These SIMs take a bottom-up approach to examine the architecture (e.g. S5) or source code (e.g. S27) of the existing systems for identifying services.
As we can see, most of the SIMs are either based on domain knowledge at the enterprise level (top) or existing systems (bottom). When adopting SOA, enterprises rarely start from scratch; instead, very often they need to migrate their existing systems while creating additional services to address new business requirements. Only four SIMs take a meet-in-middle approach to identify services based on a combination of legacy systems and other information type Mix, such as domain analysis in S2 and business process models in S30. This low number is contradictory to the comparison of service analysis approaches reported in [3] , which pointed out that most approaches postulate a meet-in-the middle strategy. The cause for this contradiction lies in the fact that in our review we selected only the SIMs that provide detailed description of the methods. In [3] such a criterion does not apply and many approaches that only conceptually discuss their SI strategies have been selected for comparison. It has been admitted by the authors in [3] that many approaches do fail to go into detail. Despite of the equal importance of existing software assets and business requirements, only few SIMs provide enough guidance on how to take into account both of them.
RQ 2.b What Are the Different Types of Services Being
Produced?
In this section, we discuss the outputs of the SIMs, including the types of services produced and how these services are described (output format).
Types of services.
The general goal of SIMs is to identify services that are valuable, either from business or IT perspective. Each individual SIM has a specific goal in identifying specific types of services. For instance, some SIMs target at services that represent business processes whereas others focus on identifying services that bridge the gap between business services and IT infrastructure. By studying, comparing and synthesizing the data about the objectives of the services produced by the SIMs, we identified 6 types of services that have been explicitly discussed, summarized in Table 2 (note that a SIM may identify multiple types of services).
From a business perspective, we can see that 21 SIMs result in business services representing businesses processes, and 12 result in data services for business entities. Both of these two types of services are business-related. Because of the nature of services (i.e exposing business functions), it is quite understandable that a large number of SIMs focus on business. A service that has the business logic or represents a business process, including task services, process services.
S3,S7,S8,S9,S10,S11,S12, S13,S14,S15,S17,S18,S19, S21,S22,S23,S24,S25,S26, S28,S29
21
Data service (DS)
A service that represents business centric entities, including information services, entity services S6,S7,S8,S9,S13,S15,S16, S17,S21,S22,S24,S25
12
Composite Service (CS)
A composition of multiple services. S7,S8,S11,S12,S13,S14, S15,S17,S21,S25,S28,S29
IT service (IS)
A service that represents technology specific functionalities, including application services, software services, utility services and infrastructure services. S3,S7,S8,S9,S10,S13, S17,S22,S24
9
Web service (WS)
A service that is implemented using the web service technology. This type is orthogonal to the other types S1,S2,S4,S5,S20,S30 7
Partner service (PS)
A service that is offered to external partners. S3,S16,S17,S26,S29 5
On the other hand, it is worth noticing that the numbers of SIMs for identifying IT services and partner services is relatively low and lower than we expected. Business-IT alignment is recognized as a research challenge [6] and the need of integrating technical architecture (e.g. IT infrastructure, data models) with business architecture (e.g. business models, organizational structure) has been widely agreed [1, 2] . As shown in Table 2 , all 9 SIMs that do consider IT services also identify business services and more importantly, they pay specific attention to the integration of business and IT. This alignment should, in our opinion, be supported by all the SIMs, which points out a gap in those SIMs lacking support for IT services.
As for partner services, we see that only 5 SIMs lead to services that explicitly consider their service providers (SPs) and consumers (SCs). Services are designed, developed, provided, maintained and owned by SPs. The task of SCs is to discover and compose services fulfilling their needs. SI for SPs entails how to identify services that are potentially useful to others. For SCs, it, instead, entails how to identify services for integration purposes. Because of this difference, a SIM should explicitly indicate which role it supports. Unfortunately, most of the SIMs fail to highlight this difference. Despite that the separation of SPs and SCs is considered as one of the main characteristics of SOA, these two roles are often not explicitly considered in service engineering in general, as found by a survey of SOA methodologies that we reported in [7] .
Further, 7 SIMs explicitly aim at identifying web services without describing any of the types described above. That is why we regard web service as a special type, orthogonal to the others. Interestingly, nearly all of these SIMs (except for S1) rely on legacy systems.
Types of output format. Different SIMs also describe the identified services in multiple ways and in multiple levels of detail. Some SIMs describe their output in terms of a list of services with short descriptions; whereas some others illustrate their output in terms of a model describing the relation between services and sometimes with other artifacts of the system. To understand better the outputs of the SIMs, we analyzed the ways that the SIMs describe their identified services. As a result, five different ways of describing services have been identified, as summarized in Table 3 . 
Informal service specification
Specify the identified services with a list of terms, such as service description, input, output, etc S22,S7,S21,S29,S6,S9, S11,S18,S19,S25,S28
11
Service model Model the identified services in terms of diagrams, illustrating the service landscape S3,S8,S10,S12,S13, S14,S16,S24
8
Formal service specification
Describe the identified services using standard language, such as WSDL S2,S15,S20,S26 4
Service implementation Implement the identified services S4,S5,S27,S30 4
A list of services List the identified services with several key elements, such as name, operation, etc) S1,S17,S23 3
From Table 3 we can see that many identified services are described in informal service specification. However, different SIMs often use different terms for specifying the identified services. For instance, in S11 services are specified in detail using many terms including functional and non-function description, and technique-related aspects, such as operations and standards. In S6, however, services are specified only in terms of their operation and in/out messages. Some SIMs describe their output using only a list of services, without entering their details. While we do not enter the merit of one or the other approach, we observe that there is no unified way for describing services.
A service model is used by 8 SIMs, with the purpose of illustrating the relation between the identified services (e.g. S8) and the relation between services and their providers (e.g. S16). Thanks to its power of illustrating relations, a service model is extremely useful for describing composite services (CSs) and partner services (PSs). As shown in the overview of the SIMs (given in Table 7 ), only 5 (out of 12) SIMs identifying CSs, and 2 (out of 5) SIMs that identifying PSs use the form of a service model to describe the service landscape. In our opinion, a service model should be used more often as long as CSs and PSs are concerned.
Some other formats of output produced by the SIMs are implementationdriven. One of such formats is formal service specification, often used to describe services identified under more formal techniques (e.g. algorithms used by S15; another format is service implementation, often used when services as executable programs are created by wrapping source codes of legacy systems (e.g. S30).
R2.c What Types of Strategies and Techniques?
The previous two research questions (RQ2.a and b) mainly focus on what is involved in the SIMs. In this section we shall focus on how to carry out the SIMs. In this paper, we define strategy as the style, approach or plan for identifying services; we define technique as the technical procedures or actions taken to accomplish certain tasks defined in a SIM.
Strategies. Hubbers et. al [8] suggested ten common ways (or strategies) for identifying services. To find out if these ten ways are indeed used by the SIMs, we analyzed the data elicited from the primary studies and mapped all of the SIMs on at least one of these ways. We also identified one way (W11) that has not been discussed in [8] . All these ways and their use by SIMs are given in Table 4 (note that a SIM may use multiple strategies). Decompose business process models that depict how the work is done within an organization S3,S7,S10,S12,,S15,S16, S17,S21,S23,S24,S25, S26,S30
13
W2 (Business Functions)
Decompose business function models that depict what an organization does S1,S2,S8,S9,S11,S18, S19,S22,S28 Four strategies (W6, 8, 9, 10) are discussed in [8] but have not been used by any of the SIMs that we studied. As explained in [8] , W6 has practical difficulties due to the different nature of component and services; W8 might be risky if existing application design is of low quality; and W9 results in services heavily coupled with infrastructure. Due to these issues, it is understandable that the SIMs avoid using these strategies. W10 points out the importance of nonfunctional requirements (NFRs) in SI as conflicting NRFs might cause redesign. As no SIM relies on W10, further research is required in supporting NFRs.
Interestingly, we also identified a new strategy, W11 user interface (not discussed in [8] ). User interface (UI) design, an integral part of the software design process, is often considered out of scope of SOA design [9] . However, a UI design helps one to distinguish the purely presentation aspects from data and process aspects and hence aids the identification of services. The use of UI design in SI is regarded as an innovative approach.
Some SIMs use only one strategy (W1, 2, 3 or 7) and we call these strategies primary strategies; while the others are always used in combination with the primary strategies and we call them complementary strategies. The most popular primary strategies are W1, 2 and 7, used by 13, 9 and 7 SIMs respectively. The first two are top-down approaches by examining the business requirements while the last one represents a bottom-up approach by extracting valuable and/or reusable functions from existing applications. In most of the cases, the strategies used by a SIM are directly related to its input. E.g., all the SIMs that use business process as their input use W1 (decompose business process) as its strategy, only S15 exceptionally uses a combination of W4 and W11.
The complementary strategies are W4, 5 and W11 which are specifically aided by the information about goals, stakeholders and user interfaces. However, this information alone is often not sufficient for identifying services. For instance, in S15 user interfaces are first designed based on business process decomposition and then services are identified by extracting abstract WSDL specifications from user interface specifications. Obviously using W11 (user interface) only is not sufficient in this example. The use of these complementary strategies often results in services more business-driven as explained in e.g. [10] .
Techniques. After studying the data about the techniques used in the SIMs, we have identified six different types of techniques, summarized in Table 5 .
Table 5. Techniques used by the SIMs
Technique Description SIM Total Algorithm A formal approach to problem solving, such as heuristic or formalized rules S1,S2,S3,S5,S8,S11, S15,S16,S17,S25,S26
11
Guidelines A set of pre-defined regulations, such as criteria or policies; suggested but not codified S7,S9,S10,S14, S28,S29,S30
7
Analysis A process of studying, interpreting, reasoning and synthesizing data S4,S12,S13,S18, S21,S22 Some of them are more formal, in the sense that they formally codify formulas or rules to specify the way that services are identified, such as algorithm, ontology, pattern and information manipulation. Nearly half of the SIMs use these formal techniques and thanks to the advantage of codification, some SIMs partially automate the SI process. For instance, in S17 a tool called SQUID was developed to automate the process of SI and in S2 executable algorithms are used to analyze the legacy code.
A less formal technique is guidelines, which is used by 7 SIMs as shown in Table 5 . These SIMs provide advices like how to identify the right-grained services from goal-scenario models (S14) and how to map tasks in business process models to services (S30).
Different from these relatively formal techniques, analysis is a technique that is more abstract and requires its users to deeply understand the problem they face and make motivated decisions. Accordingly, the subjectivity of using the technique is relatively high and different actors may achieve different results by applying the same SIM.
An Input-Output Matrix for the Selection of SIMs
The variety in the types of inputs, outputs and processes discussed in Sec. 2 explains why practitioners often face difficulties to select a SIM that both fits their needs and copes with the available resources. To help compare and select among the SIMs, we use these results (summarized in Table 7 ) to created an input-output matrix. The matrix is presented in Table 6 , where rows represent the types of outputs produced by the SIMs and columns represent the types of inputs being used. Each cell of the matrix describes a specific SIM (in terms of its output format, strategy and technique) if it uses the input and produces the output represented by the column and row respectively. For instance, a SIM that uses Application domain as its input (column 1) and produces Business services as well as composite service (BS+CS) (row 2) is S14, whose output is described in terms of a service model (SM), uses goal driven (W5) as its strategy and guidelines as technique. In the following, we shall explain how this matrix aids the selection of SIMs in three different ways.
Selection driven by the targeted output. Sometimes, before performing the task of SI, it is expected that certain types of services are identified. For instance, an enterprise that focuses on improving the efficiency and maintainability of its business processes may be interested in business services; while an enterprise that intends to expose its business functions to other partners for business collaboration might be also interested in partner services. In our inputoutput matrix, the SIMs are classified horizontally, according to the types of services they produce. When the target types of services to be identified are decided, one can use the matrix to eliminate those SIMs that are irrelevant to the needs. Suppose partner services (PS) are of great importance, one can see from our matrix that five SIMs (row 8 to 12) could be selected. By determining more types of services to be identified (e.g. DS), one can further narrow down the number of candidate SIMs (e.g. S17 and S16 at row 10 and 12). Further, the matrix also provides a straightforward view on what types of inputs are needed if certain SIMs are selected. For example, we can see from the matrix that to identify partner services, either business processes or business centric entities (data) should be known. This helps one to judge the feasibility of the SIMs.
Selection driven by the available resources.
Knowing what kinds of resources are available for SI, one can also choose a SIM based on its starting point. In the input-output matrix, the SIMs are classified vertically, according to the types of inputs they start with. Using the matrix, one can have an overview of what types of services can be produced given the available resources and at the same time find out the SIMs that support these resources. For instance, if the only available resource is a set of use cases (see Table 6 column 7) describing some business functions, one can find from our matrix that two SIMs, S11 and S28 (column 7, row 2) start SI from this resource. Accordingly, one can also expect that business services and their compositions (BS+CS) can be identified using either of these two SIMs. Selection by comparison of alternative SIMs. Some SIMs can be seen as alternative methods when they share the same type of inputs and outputs. Despite of these commonalities, these methods often differ in the way that the outputs are described, and/or the strategy and technique they use. Using the inputoutput matrix, one can easily pinpoint and compare these alternative methods since they are grouped and located in the same cell of the matrix. For instance, given legacy system (column 3) as starting point and web services (row 13) as output, the matrix shows four SIMs: S4, S5, S20 and S27. Comparing these four SIMs in terms of their output formats, strategies and techniques, we can see that the main difference lies in the techniques they use. Therefore, one can choose among these four SIMs based on their preference of one technique over another, depending available technologies, competencies in place, etc. To give another example, given application domain (column 1) as starting point and BS+DS+IS (row 4) as output, our matrix shows two SIMs: S9 and S22. By comparing these two SIMs, it is also easy to see that S22 uses W5 (goal driven) complementary to W2 (business functions) as its strategy; and thereby an enterprise that have clearly defined business goals might opt to select S22 over S9. However, if the enterprise prefers to follow guidelines to provide relatively objective results than to perform analysis to produce relatively subjective results, it might select S9 over S22. As such, our matrix provides a way to preliminarily select alternative SIMs before more comprehensive comparison (if needed).
Conclusion
In this paper, we report the classification and comparison of 30 SIMs identified from a systematic literature review. The many different types of inputs, outputs and processes of the SIMs show a significant heterogeneity. Our results provide a holistic overview of the SIMs and highlight their differences. To help practitioners compare and select from these SIMs, we created an input-output matrix that aids the selection of SIMs in three different but complementary ways.
Further, the findings of this review outlines future research directions to further improve the existing SIMs and to guide the design of new SIMs. Our main observations are 1) IT services that leverage business processes and underlying IT infrastructure require more attention (Sec. 2.3); 2) Services for internal use and external consumption should be differentiated due to their different characteristics (Sec. 2.3); and 3) NFRs should be explicitly considered due to their importance through the entire service life cycle (Sec. 2.4). 
